Angle-resolved photoemission spectra of a monolayer of Yb on W(110) reveal energy splittings and dispersion of the Yb 4f states that are obviously due to their hybridization with W-derived valence bands. These effects occur at well defined points of the surface Brillouin zone although a smearing over reciprocal space is expected from the structural incoherence of the Yb and W lattices. We conclude therefore that dispersion is not related to the periodic arrangement of the 4f states but reflects the k-dependent interaction of a single Yb 4f impurity with W bands.
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In recent years, investigation of heavy-fermion behavior in Ce and particularly Yb systems has attracted renewed interest in the framework of quantum phase transitions [1, 2] . As prominent examples, in compounds of the type YbX 2 Si 2 (X=Rh, Ir) the electronic properties may be tuned from superconductivity to magnetism by replacing the 5d element Ir by the isoelectronic 4d element Rh [3, 4] . The compounds are, thus, thought to be on different sites of a quantum critical point where coexistence of these opposite properties may be expected at zero temperature. The low-temperature magnetic and conducting properties in both compounds are strongly influenced by effective masses of the conduction electrons that are by factor of thousand larger than the one of a free electron due to interactions of the 4f states with valence bands. The effective masses relate to the band dispersions that can be studied most directly applying angle-resolved photoemission (PE).
Angle-resolved PE experiments reveal energy splittings and dispersion of the interacting 4f states as intuitively may be expected from a Kondo lattice [5, 6, 7] . However, these phenomena are not restricted to the region of the Kondo-resonance, where the PE final state is energetically degenerated with the 4f ground state, but are also observed for 4f emission at higher binding energies [8, 9] . There, the fully screened PE final state is usually handled like a localized exciton [10] and energy dispersions are at first glance not expected.
Interestingly, these phenomena occur around points in reciprocal space where the PE final state becomes energetically degenerated with dispersing valence states. Thus, the basic question arises whether the observed phenomena are necessarily related to a Kondo lattice, i.e. a periodic arrangement of interacting 4f states or may also be expected for a single 4f impurity interacting with translational symmetric bands.
In order to answer this question, we performed angle-resolved PE experiments of an Yb monolayer on W(110). Divalent Yb grows epitaxially on the W substrate but its twodimensional hexagonal lattice is incoherent to the rectangular centered substrate surface structure (see inset in Fig. ??) . As a result of this structural incoherence, interaction effects between substrate and overlayer are not expected to reveal an explicit wave-vector (k vector) dependence in the angle-resolved PE spectra but should be smeared in k space as a result of back-folding. Surprisingly, the 4f 7/2 emission reveals strong energy splittings and dispersion around the Γ point of the surface Brillouin zone (SBZ), where no interactions with Ybderived valence bands are expected but an energy degeneracy with underlying W bands takes place. From the fact that this phenomenon is not observed at other k points one can conclude that the effect is not related to an interaction of the incoherent lattices but reflects a k-dependent interactions of a single Yb impurity with the W bands. The phenomenon is properly described in the framework of the same simple approach to the periodic Anderson model (PAM) that previously had been successfully applied to the above mentioned YbX 2 Si 2 heavy-fermion systems [5, 6] . In this model the unhybridized 4f state is represented by a non-dispersive band at energy ε that interacts with W derived bands as obtained from a regular band-structure calculation. In the present case the dispersionless 4f band is not caused by interatomic f − f interactions, but reflects simply the effect of a Fouriertransform of a localized in real space 4f impurity into reciprocal space using basis valencestate wave functions of the substrate lattice. From our results we conclude, that the observed 4f dispersions in angle-resolved PE spectra are not necessarily the result of a periodic arrangement of 4f states but may be due to k-dependent interactions of a single 4f impurity with surrounding valence bands as well.
PE experiments were performed with a hemispherical electron energy analyzer using synchrotron radiation from the U49/2-PGM1 undulator beamline of BESSY (Berlin). The energy resolution was set to 100 meV (FWHM) and an angular resolution better than 1 Yb films reveal strong layer-dependent shifts of the 4f emission [11] that may be used to calibrate the thickness of the film and allow for preparation of well defined monolayers. Figure ? ? shows a series of angle-resolved PE spectra of the Yb/W(110) system taken for different Yb coverages at 110 eV photon energy and normalized to the maximum of intensity.
At this photon energy the W 5d emissions are close to a Cooper minimum of the PE crosssection [12, 13] [11, 14] , while the BE of the surface component shifts at the same time slightly from 1.65 to 1.73 eV.
In the following we will concentrate on the monolayer Yb on W(110). Figure ? ? shows a series of angle-resolved PE spectra taken at different emission angles along the Γ − S direction (inset in Fig. ? ?) of the SBZ of W(110) and 110 eV photon energy. While at high emission angles only the 4f 13 doublet is visible in the spectra, additional spectral features appear around normal emission that at first glance might be ascribed to residual valenceband emissions. On the other hand, the spectra can obviously not be explained by a simple superposition of 4f and valence-band contributions, since the 4f 7/2 component becomes broadened and decreases in height with respect to the 4f 5/2 emission. This is illustrated in Fig. ? ?(a) where spectra taken at emission angles of 0 • and 7
• are compared to each other together with the results of a least-squares fit analysis. In the framework of this analysis first the spectrum taken at 7
• was fitted by a superposition of two Lorentzians with the same line-width, and a I(4f 7/2 )/I(4f 5/2 ) intensity ratio of 1.15 ± 0.02 was obtained. Then, the normal emission spectrum was fitted using 4 Lorentzians with the same line-width as used above, replacing the former 4f 7/2 line by components at 1.43 eV, 1.04 eV, and 0.76 eV BE. Taking now the intensity ratio of the last two components with respect to the 4f 5/2 line, almost the same value 1.17 ± 0.02 is obtained as for the I(4f 7/2 )/I(4f 5/2 ) intensity ratio of the 7
• spectrum. Thus, one might assume that these two components are derived from the former 4f 7/2 line and the third component at 1.43 eV BE represents a valence-band emission. A possible candidate for the latter is the 5d band of the underlying W substrate that reveals particular strong emissions at 1.35 eV BE around the Γ point and may also be responsible for the features close to the Fermi energy observed at higher emission angles.
Such an interpretation, however, is not fully satisfactorily since it does not explain the splitting of the 4f 7/2 component. A similar splitting has been observed for the Ce "4f 0 "
signal of Ce/W(110) at a point in k space where the "4f 0 " state becomes energy degenerate with the Ce-derived sd band [8] . There, the splitting could be described in the light of the SBZ that reproduces all features observed in the respective experimental data. Note, that particularly the peak at 1.37 eV BE in the normal emission spectrum should not be considered as a pure valence-band emission but represents a hybrid state with strong 4f admixture.
Since in the calculations only the 4f character is shown its intensity relative to the unhy- 
